A psychrophilic, Gram-negative bacterium, designated MOL-1 T , was isolated from water of Lake . The major cellular fatty acids were iso-C 15 : 0 , iso-C 17 : 0 3-OH and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c). Menaquinone MK-7 is the predominant respiratory quinone, while symhomospermidine is the predominant polyamine. The polar lipid profile is composed of the predominant lipids phosphatidylethanolamine and unidentified polar lipid L2, with moderate amounts of unidentified polar lipids L1, L5 and L6 and unidentified aminophospholipids APL1 and APL2 and minor to trace amounts of unidentified polar lipids L3, L4, L7, L8, L9 and L10, unidentified phospholipid PL4 and unidentified aminophospholipid APL3. After molecular and phenotypic studies, including chemotaxonomic analyses, it was concluded that strain MOL-1 T represents a novel Sphingobacterium species, for which the name Sphingobacterium psychroaquaticum sp. nov. is proposed. The type strain is MOL-1 T (5NRRL B-59232 T 5DSM
Formed after the last ice age, which ended approximately 11 000 years ago, the group of lakes known collectively as the Great Lakes is found in the upper midwest of the United States. Collectively, they account for 22 % of the world's supply of fresh water, or 22 600 km 3 water. Lake Michigan is the second largest of the Great Lakes, and contains 4900 km 3 fresh water. Lake Michigan serves as an important source of potable water, recreation and transportation.
Very little is known about the microbial community associated with Lake Michigan water. To our knowledge, there has only been one published study that has characterized this microbial flora. This study reported that betaproteobacteria were predominant, followed by members of the Bacteroidetes and Alphaproteobacteria (Müller-Spitz et al., 2009). Characterization of the microbial community found in potable water from Lake Michigan has not been reported, to our knowledge, although Albert et al. (2010) did report the isolation of a novel alphaproteobacterium, Labrys wisconsinensis, from Lake Michigan potable water. Other sources of potable water have been found to harbour bacterial communities dominated by alphaproteobacteria and betaproteobacteria (Santo Domingo et al., 2003; Williams et al., 2004) .
During the taxonomic investigation of the bacterial population in water samples that were collected from Lake Michigan on 21 May 2007 from the community water system of Port Washington, WI, USA, one strain, designated MOL-1 T , was isolated. Based upon 16S rRNA sequence analysis, strain MOL-1 T appeared to represent a novel species of the genus Sphingobacterium. In this paper, we report the isolation and characterization of strain MOL-1 T . Water samples were plated onto plate count agar (PCA; Difco) and incubated at 32 u C for 5 days. Cultures were purified by subculturing and stored at 280 u C in growth medium supplemented with 20 % glycerol. Two reference strains were used as part of this study, Sphingobacterium shayense NRRL B-59203 T , obtained from the ARS Culture Collection (Peoria, IL, USA), and Sphingobacterium daejeonense LMG 23402 T , obtained from the BCCM/LMG Bacteria Collection (Gent, Belgium).
The isolation of DNA and generation of PCR products for 16S rRNA gene sequence analysis were performed using the MicroSeq full gene protocol. DNA sequence data were analysed and assembled with Auto Assembler software (Applied Biosystems) (Albert et al., 2005) .
The detailed phylogenetic relationships between strain MOL-1 T and related strains are presented in Fig. 1 .
Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon server 2.1 algorithm (Chun et al., 2007 95.6, 94.8, 94.3, 94.3, 94 .2 and 93.9 %, respectively. These 16S rRNA gene sequence similarities are sufficiently low to suggest that strain MOL-1 T represents a putative novel genospecies.
Phylogenetic tree reconstruction was performed by adding the new sequence to a database of about 10 251 entries, 8818 of which correspond to type strain sequences (Yarza et al., 2008) . The sequence was aligned according to the manually curated alignment of the All-Species Living Tree Project (http://www.arb-silva.de/projects/living-tree/). This dataset compiles type strains of all hitherto-classified species, which accomplishes a minimum quality standard to perform reliable tree reconstruction. The dataset used for the phylogenetic inference was LTP_S95.ARB release, which contained entries corresponding to type strains of species with validly published names up to August 2011. Tree reconstruction was performed by using the neighbour-joining and parsimony algorithms as implemented in the ARB software package (Ludwig et al., 2004) and the RAxML algorithm (version 7.0 with the GTRGAMMA model; Stamatakis, 2006 . Maximum-likelihood tree reconstruction based on the RAxML algorithm. The tree topology was similar to that of trees obtained with different algorithms and using different datasets comprising recognized type strains. Strain MOL-1 T was always affiliated with the clade comprising the type species of the genus, S. spiritivorum. However, and as can be deduced from the low bootstrap values (shown as percentages at nodes), the stability of the branch of strain MOL-1 T was very low and it always appeared as a single independent branch within the genus. Bar, 10 % sequence divergence.
reported in Table 1 were performed as follows. All tests were performed at 25 u C, except determination of the growth temperature range, using 24-to 48-h-old cultures grown on PCA. Inoculum for tests utilizing cell suspensions was prepared in phosphate-buffered water (Maturin & Peeler, 2001) . Motility testing, catalase activity, oxidase test, Gram staining and tests of hydrolysis of gelatin and casein and nitrate reduction were performed using standard procedures (Smibert & Krieg, 1994) . Capsule staining was performed by using the method of Murray et al. (1994) . Utilization of citrate and propionate was assessed using the method of Gordon et al. (1973) with the following modification; yeast extract was added to 0.05 %, since growth of MOL-1 T did not occur without the addition of yeast extract. The temperature range for growth was determined by visual examination for growth on PCA plates. Prior to inoculation, the plates were incubated at the test temperature for 24 h. After inoculation, plates were incubated for 10 days. The ability to utilize various carbohydrates as growth substrates was evaluated by using the method of Islam et al. (2007) , with modifications. Tubes containing 5 ml growth medium were incubated with shaking aeration for 10 days. Growth was compared visually to controls that did not contain a carbohydrate source. If turbidity was observed, tubes were streaked onto PCA to determine the identity of the bacterium present. Acid production from carbohydrates was determined using the method of Yamaguchi & Yokoe (2000) . Tubes were inoculated by stabbing the butt and streaking the slant.
Anaerobic growth was determined by monitoring visually for growth in tubes containing plate count broth (PCB; Difco) supplemented with 0.075 % agar (Difco). Prior to inoculation, tubes containing 25 ml PCB were incubated under anaerobic conditions for 48 h. Anaerobic conditions were generated by using H 2 and CO 2 GasPaks (BBL) in anaerobe jars. Cell suspensions were used to inoculate tubes containing the test medium. After inoculation, the tubes were placed in the anaerobe jars and anaerobic conditions were regenerated using H 2 and CO 2 GasPaks. Ten days later, the tubes were removed from the anaerobic conditions and examined visually for growth. Turbidity was used to indicate growth. Samples from all tubes were streaked onto PCA to determine the identity of the bacterium present. Growth at a range of NaCl concentrations was determined by inoculating tubes containing 5 ml PCB with increasing concentrations of NaCl, in 0.1 % (w/w) increments. After inoculation, the tubes were incubated with shaking aeration for 7 days. Appearance of turbidity was used to indicate growth. If turbidity was observed, tubes were streaked onto PCA to identify the bacterium present.
Production of cell-bound orange pigments was determined by using the method of Yabuuchi et al. (1983) . Cells were grown on PCA for 48 h at 25 u C, whereupon a small mass was transferred to a white porcelain plate and then exposed to 3 % KOH. The presence of cell-bound orange pigments is indicated by the immediate development of a red pigment. Flavobacterium hydatis NRRL B-14732 T was used as a positive control.
Results for the physiological and biochemical characterization performed as part of this study (Table 1) show that strain MOL-1 T is very similar to other members of the genus Sphingobacterium. For example, strain MOL-1 T is similar to other Sphingobacterium strains in that it is a small, aerobic, Gram-negative rod that occurs singly and in pairs (Fig. S1 , available in IJSEM Online). When grown on PCA at 25 u C for 96 h, isolated colonies have a slight dull-yellow colour and are 2-4 mm in diameter, entire and opaque with a slightly viscous consistency (Fig. S2) . Like Sphingobacterium siyangense SYI T , strain MOL-1 T is psychrophilic, and it hydrolyses gelatin, like Sphingobacterium spiritivorum DSM 2582 T . Results from this study for S. shayense NRRL B-59203 T were very similar to those reported by He et al. (2010) . This study found that S. shayense NRRL B-59203 T was motile and able to reduce nitrate and produced acid from fructose but was oxidase-negative. Results from this study for S. daejeonense LMG 23402 T were very similar to those reported by Kim et al. (2006) . This study found that S. daejeonense LMG 23402 T was motile, produced acid from sucrose and was able to assimilate propionate. Strain MOL-1 T and S. daejeonense LMG 23402 T were found not to produce cell-bound orange pigments, while the positive control F. hydatis NRRL B-14732 T and S. shayense NRRL B-59203 T were positive for the production of cell-bound orange pigments. Yabuuchi et al. (1983) reported that members of the genus Sphingobacterium did not produce cell-bound orange pigments.
The cellular fatty acid profile was determined by growing strain MOL-1 T , S. shayense NRRL B-59203 T and S. daejeonense LMG 23402
T on TSB supplemented with 1.5 % agar (Difco) for 24 h at 28 uC. Bacterial cells were harvested from the plate and fatty acid extraction was performed according to MIDI Technical Note 101 (http:// www.midi-inc.com/pdf/MIS_Technote_101.pdf). Bacterial fatty acids were identified using gas chromatography (Hewlett Packard 6890) and the Sherlock system (MIDI 4.5), according to the manufacturer's instructions. The cellular fatty acid profiles for MOL-1 T , S. shayense NRRL B-59203 T and S. daejeonense LMG 23402 T are reported in Table 2 . Examination of the results for strain MOL-1 T indicates that the primary fatty acids, comprising nearly 80 % of the total, are iso-C 15 : 0 , iso-C 17 : 0 3-OH and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c). The same cellular fatty acids accounted for approximately 84 % of the cellular fatty acids of S. shayense NRRL B-59203 T and S. daejeonense LMG 23402 T . These results are similar to results reported previously for S. shayense HS39 T (He et al., 2010) and S. daejeonense TR6-04
T and other members of the genus Sphingobacterium (Kim et al., 2006) .
The presence of sphingolipids was demonstrated using the method of Yabuuchi et al. (1979) . Sphingolipids were extracted from cells grown in TSB (Difco) at 25 u C. Reference sphingolipids included D-erythrodihydrosphingosine and sphingosylphosphorylcholine (both from Sigma). The presence of alkali-stable, ninhydrin-positive sphingolipids for the reference strain S. daejeonense LMG 23402
T and strain MOL-1 T is indicated by the two spots visible in Fig. S3 . The ninhydrin-positive spots migrated close to the reference sphingolipids, D-erythrodihydrosphingosine and sphingosylphosphorylcholine. Using a different extraction procedure, when staining long-chain bases with ninhydrin, Yano et al. (1982) reported one spot that migrated with dihydrosphingosine. Sediminibacterium salmoneum NBRC 103935 T , which is not known to produce sphingolipids, was used as a negative control. Lipids were extracted from cells grown in brain heart infusion broth (Difco) at 25 u C. As shown in Fig. S4 , alkalistable, ninhydrin-positive lipids were not detected in Sediminibacterium salmoneum NBRC 103935 T .
Polar lipids, quinones and polyamines were extracted from cells grown on PYE medium (0.3 % peptone from casein, 0.3 % yeast extract, pH 7.2) at 28 uC. Polar lipids and quinones were extracted and analysed as described previously (Tindall, 1990a, b; Altenburger et al., 1996) . Polyamines were extracted and analysed as described by Busse & Auling (1988) . HPLC analyses were carried out using the equipment described by Stolz et al. (2007) . The quinone system was composed of menaquinones MK-7 (97 %), MK-6 (3 %) and MK-8 (,1 %). This quinone system is in accordance with those reported for other Sphingobacterium species, including S. daejeonense (Kim et al., 2006 ]. Similar polyamine patterns, with the predominant triamine sym-homospermidine, were reported for other Sphingobacterium species, including the type species of the genus, S. spiritivorum (Hamana & Matsuzaki, 1991) . The polar lipid profile for strain MOL-1 T (Fig. 2a) was composed of the predominant lipids phosphatidylethanolamine and unidentified polar lipid L2 (not stainable with any of the specific detection reagents, indicating that it does contain either a phosphate group, an amino group or a sugar moiety), moderate amounts of unidentified polar lipids L1, L5 and L6 and unidentified aminophospholipids APL1 and APL2 and minor to trace amounts of the unidentified polar lipids L3, L4, L7, L8, L9 and L10, unidentified phospholipid PL4 and unidentified aminophospholipid APL3. Except for lipids L7, L8, L9 and L10 and APL3, all other lipids were also present in the polar lipid profile of S. daejeonense LMG 23402 T (Fig. 2b) . In addition, S. daejeonense LMG 23402
T exhibited the presence of three unidentified phospholipids, PL1, PL2 and PL3. Choi & Lee (2012) reported the major polar lipid of Sphingobacterium kyonggiense 2-1-2 T , S. daejeonense KACC 12579 T and Sphingobacterium mizutaii KACC 12159 T as phosphatidylethanolamine, with differences in the types of moderate to minor unknown polar lipids. The types of polar lipid for S. daejeonense LMG 23402 T from this study are similar to those reported by Choi & Lee (2012) for S. daejeonense KACC 12579 T , although the latter authors reported the presence of a glycophospholipid, which was not observed in this study.
On the basis of the phenotypic, chemotaxonomic and phylogenetic data reported here, we conclude that strain MOL-1 T represents a novel Sphingobacterium species, for which the name Sphingobacterium psychroaquaticum sp. nov. is proposed.
Description of Sphingobacterium psychroaquaticum sp. nov.
Sphingobacterium psychroaquaticum [psy.chro.a.qua9ti.cum. Gr. adj. psychros cold; L. adj. aquaticus -a -um living, The type strain, MOL-1 T (5NRRL B-59232 T 5DSM 22418 T ), was isolated from a water sample from Lake Michigan collected in south-eastern Wisconsin, USA.
